• Summarize data collected by the U.S. Bureau of Labor Statistics (BLS) on the prevalence of work-related illnesses and injuries in the state of Michigan, and on risk rates for different forms of employment.
T he national surveillance system for occupational injuries and illnesses, which is administered by the U.S. Department of Labor Bureau of Labor Statistics (BLS), is based on reports from employers. As stated on the BLS web site: "The responsibility for collecting statistics on occupational injuries and illnesses was delegated to the Bureau of Labor Statistics. In order to further the purposes of this act (OSHA), the language was quite specific: 'the Secretary of Labor shall compile accurate statistics on work injuries and illnesses which shall include all disabling, serious or significant injuries and illnesses, whether or not involving loss of time from work other than minor injuries requiring only first aid treatment and which do not involve medical treatment, loss of consciousness, restriction of work or motion, or transfer to another job.'"
The national statistics on occupational injuries and illnesses are derived from a sampling strategy rather than a census of all work-related injuries and illnesses. In response to a National Academy of Sciences report in 1987, 1 which showed that the BLS national estimates missed 50% of acute work-related deaths, BLS began the Census of Fatal Occupational Injuries (CFOI). CFOI is a complete census that uses multiple data sources, covers all workers, and is not dependent on an employer either being aware of the condition or responding to a survey. However, no such system has ever been implemented to improve the national estimates for nonfatal work-related injuries and illnesses.
A number of studies have documented that the current system to derive national estimates for workrelated injuries and illnesses undercount both chronic conditions and acute injuries. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] These studies were based on comparisons of counts of work-related injuries or illnesses from nonemployer-based data sources, such as hospital discharge data, or medical records with the BLS estimates but were not based on an actual matching of individuals reported within the different systems. We present the results of matching both the number of reports of injuries and illnesses, and individuals with days away from work and companies from multiple databases, from companies who participated in the BLS annual survey in Michigan in 1999, 2000, and 2001.
We present the numbers and percentage of work-related injuries and illnesses missed in Michigan by the BLS survey estimates. We use capture-recapture analysis to estimate the number of injuries and illnesses missed in Michigan by both BLS and Workers' Compensation. We present these data for overall injuries and illnesses and also by specific conditions and industrial sectors.
Materials and Methods

Data Sources
A summary of the five data bases used in the analysis for the years 1999, 2000 and 2001 follows:
BLS Annual Survey. The BLS survey is an annual survey of a sample of employers by state, industry type, and employment size (www.bls.gov/ iif/home.htm). In all states, it excludes the self-employed, farms with fewer than 11 employees, private households, and federal employers. In 27 states, but not Michigan, public employees are excluded. All injuries and illnesses from facilities in the mining and railroad sectors tracked by the U.S. Department of Labor Mine Safety and Health Administration and the Department of Transportation's Federal Railroad Administration are included in the BLS survey results. Using appropriate sampling weights and a nonresponse adjustment factor, total estimates of injuries and illnesses and estimates by state and industrial sector are calculated based on the injuries and illnesses reported by the selected companies. The information collected for each company includes counts of total injuries, injuries with restricted workdays, total illnesses, illnesses with restricted workdays, and illnesses categorized by seven disease categories.
If the employer has 30 or fewer employees with injuries or illnesses with at least 1 day away from work, details about the conditions are obtained for each of the employees. If the employer has greater than 30 employees with injury or illness with at least 1 day away from work, a random time period is selected in which no more than 30 employees had an injury or illness with at least 1 day away from work. The information collected includes: employee name, date of injury or illness, number of lost workdays, but not employee social security number. BLS does not collect employee-level data on any cases without lost work time.
Occupational Safety and Health Administration (OSHA) Annual Survey. The OSHA annual survey is a survey of a sample of employers with one or more employees in all sectors except government, mining, railroad, postal services, private households or services (www.michigan.gov/ cis/0,1607,7-154-11407_30929-39,936 -,00.html). OSHA uses the survey for enforcement purposes. For agriculture, an establishment must have 11 or more employees to be included. The database does not collect details on individuals. It does include company names, total injuries, injuries with restricted days, injuries with days away from work, total illnesses, illnesses with restricted workdays, and illnesses with days away from work and illnesses by seven disease categories.
Michigan Data for all five aforementioned databases are collected by one agency in Michigan, the Michigan Department of Labor and Economic Growth (MDLEG). Access to the BLS annual survey data was given under the auspices of the Intergovernmental Personnel Act Assignment agreements. All access to BLS data occurred in a locked room in the BLS offices with strict review by BLS of all analyses, both electronic and paper, before the results of analyses were removed from the office.
Matching was performed at two levels: person to person matching for the three data bases that have names of individuals (BLS, WC, and OD) and company level matching for all five data bases (BLS, OSHA, WC, OD, IMIS) for the years 1999, 2000 and 2001.
Person-level matching was conducted using an algorithm model. 14 Databases were compared two at a time, using the database with the fewer number of records to check against the database with the larger number of records.
The ranking system used to characterize the likelihood of potential matches was based on information about the employee's first and last name, social security number, and age at diagnosis; the nature of the injury or illness reported; the date when the injury or illness occurred; and company name and the Employer Identification Number (EIN; the EIN is a unique number assigned to companies but not individual facilities by the United States Internal Revenue Service) where the injury or illness occurred. Manual comparison of the records was performed after the initial computer matching because many records had some missing information and this also allowed us to address typographical errors, transposed numbers, and the order of words.
Acute diagnoses were matched if they were within 6 months of a previous injury and chronic diagnoses if they were within a year. There were three different schemes of diagnosis coding used (ICD 9, BLS Nature of Injury Code, and Workers' Compensation Nature of Injury Code). Because of difficulties in matching the diagnoses in the different data bases, diagnosis information was used only when the person/company information was unclear about whether the record matched.
To estimate the total number of injuries and illnesses with days away from work from the person level matches, we only used the BLS and WC databases because we were unable to identify which of the OD reports had days away from work. We performed the match for cases with greater than seven days away from work because we were concerned that the WC database was incomplete for individuals with 1 to 7 days away from work. For the relatively small number of companies (Х200) with more than 30 workers who had injuries or illnesses with days away from work, that BLS does subsampling, the date of injury in the worker compensation database had to occur within the BLS subsampling date to be considered a match.
Company-level matching was conducted in a manner similar to the person-level matching except all five databases could be used. Companies that had been matched between databases from the person-level matching were considered as matching at the company-level match. After these matches were identified, the company databases were compared two at a time, using the database with the fewer number of records to check against the database with the larger number of records.
The highest level of matching was when the company name, location, and EIN matched exactly. Using the same method as the person-level match confirmation, a manual comparison of each potential set of matches was completed for the company-level matching.
To estimate the total number of injuries and illnesses derived from the company matches, we assumed that if matching companies were in more than one of the data bases that the cases reported from those companies in different databases represented the same individuals. This assumption would favor conservative results because it is likely that some of the cases recorded actually represented different people.
To derive the injury and illness estimates, we applied the BLS sampling weights adjusted for nonrespondents to the largest number recorded in any of the data bases where the company matched to a BLS company that was included in the annual survey.
To derive our final estimates we applied the percentage of undercount calculated in the person-to-person match after the capture-recapture analysis to the published BLS estimate of all Michigan injuries and illnesses.
We estimated the undercount of worker illnesses and injuries by applying standard capture-recapture methodology. 15, 16 For the BLS and WC databases, person to person matching was done in each time period, by strata defined by injury type and facility. With independent reporting to each registry, the mean count k in the k-th stratum was estimated under the assumption that the total count N k was Poisson distributed (with mean k ), and that conditionally on N k , the count of injuries in the BLS and count of injuries in the WC are binomially distributed. Finally, the stratum weights w k were applied to get an estimate of the total count ͚ k w k k across all strata. Table 1 shows the average number and range of companies, reports before weighting, and the final estimates for all injuries and illnesses and those with days away from work for the 3 years 1999 to 2001 for the BLS annual survey in Michigan. Table 2 shows the average WC data for the 3 years, 1999 to 2001. Table 3 shows the average number and range of reports received and companies for OD, OSHA, and IMIS for the 3 years, 1999 to 2001. Table 4 shows the company level match with weighting across the five databases. Adding all the cases provided an estimated average of 386,402 injuries and illnesses for 1999 to 2001. The BLS estimate for 1999 to 2001 on the average was 74% of the total injuries and illnesses. BLS and WC combined missed less than 1% of the total injuries and illnesses from the companies in the BLS Annual Survey.
Results
The results for company level match within industry categories for 1999 to 2001 are shown in Table 5 and by whether it was an injury or illness in Table 6 . The BLS estimates by industry ranged from 45% of total injuries and illnesses for the transportation, communications and electrical services (SIC 40 -49) to 94% of total injuries and illnesses for agriculture (SIC 01-09). The BLS estimates for injuries was appreciably greater, 90% of total injuries, than that for illnesses, 50% of total illnesses. These same results for person match by specific industries are shown in Table 8 , by specific types of injuries in Table 9 , and by specific types of illnesses in Table 10 . Our estimate of all injuries and illnesses in Michigan averaged 869,034 for the 3 years (Table 11) .
Discussion
On the basis of the results of our analysis, we estimate that the number of work-related injuries and illnesses in Michigan is three times greater than the official estimate derived from the BLS annual survey. We estimate there were an average of 869,034 injuries and illnesses per year in Michigan from 1999 to 2001, not 281,567 per year as estimated by BLS. To derive these total estimates, we used capture-recapture analysis of our estimate of the BLS undercount from Table VII for greater than 7 days away from work. The analysis in Table 7 is based on the actual matching of persons with injuries and illness reported by companies in the BLS survey (Table 11 ). This analysis indicated that the BLS survey only captured 31% to 33.5% of the total estimate of annual injuries and illness. Although the BLS undercount, which ranged from 512,149 to 645,484 work-related injuries and illnesses per year appears very large, this estimate is consistent with a recent analysis based on statistical models that BLS missed 33% to 69% of work-related injuries alone without considering how many additional work-related illnesses were being missed. 6 The BLS estimate of workrelated injuries and illness is equivalent to 1 in 15 workers a year in Michigan with a work-related injury or illness whereas our estimate is one in five; although the estimated incidence would be less as some workers may have more than one injury/ illness per year. Even our estimate may undercount the true burden because, the self employed and most agriculture are not included in the BLS and WC databases and both of these systems are likely to miss illnesses with long latency periods such as the pneumoconiosis and cancer.
The data we used for these analyses demonstrate that alternate databases report additional cases beyond what a company reports to BLS either when they report some cases or when a company reports they have no cases. In the top half of Table 4 , where a company in BLS reported at least one case, additional cases were identified from the other databases. The bottom half of Table 4 shows cases identified in companies in the BLS survey where those companies said they had no cases but alternate data bases indicated there actually were cases. Workers' Compensation was the largest source of cases missed by the BLS survey.
There are multiple reasons why the current BLS national system for estimating work-related injuries and illnesses is incomplete: 1) lack of coverage of government workers in half the states although not in Michigan where government workers are covered; 2) lack of coverage of the self-employed and farms with fewer than 11 employees in all states; 3) the perception by employers of financial and regulatory disincentives for complete reporting; 4) employers not knowing about former employees or retirees who develop diseases with a long latency period between first exposure and manifestation of the disease (eg, pneumoconiosis); 5) socioeconomic disincentives for employees of making their employer aware of a work-related condition; and 6) the use of a sampling strategy, rather than a complete census.
Even if one expanded the BLS annual survey to include Workers' Compensation information our data indicate a substantial percentage of cases would still be missed (ϳ18%; Table 7 ). These estimates of missed cases do not include injuries not covered by either the BLS annual survey, or Workers' Compensation such as the self-employed, family farmers, and Federal employees. It is estimated that exclusion of these workers causes an additional 25% undercount beyond that missed by undercounting of BLS and WC covered employers. 6 There are a number of assumptions and limitations associated with our analyses. To identify people, we had the Social Security Number for all data sets except BLS (90% missing), which made it necessary to do textual matches on people's names. BLS often did not have the full first name or there was a variation in the first (eg, Robert versus Bob) or last name (eg, marriage or spacing). Last name and first name alone was not enough to match a person (eg, John Smith). And additional fields such as age, date of birth and employer information were used. When matching companies we were missing the EIN for OSHA and OD. Even when an EIN is available it is assigned to the corporate entity not the specific facility. This made it necessary to do textual matches on company names and addresses. To minimize overestimating the BLS undercount, ques- Table 4 footnote. tionable matches were considered matches. BLS only collects personal identifiers on individuals with days away from work. When matching the total number of injuries and illnesses, we assumed that reports of injuries and illnesses from the same companies in different databases represented the same people. This clearly was not true. Where we had information on the individual, we found that cases in the different databases from the same companies were definitely not identical. Partly due to this conservative assumption, we found much less of an undercount by BLS for all injuries and illnesses (10%; Table 4) than for those with days away from work (61% ; Table 7 ). Intuitively, it does not make sense that there is more under recording for the severe cases that have days away from work as compared to all cases. However, a survey of employer records from 200 establishments in 1987 in Massachusetts and Missouri and a nationwide survey of employer records from 250 establishments in 1998 showed that under recording of lost workday injuries was two to three times as frequent as under recording for all cases 25% versus 10% in 1987 and 22% to 33% versus 11% in 1998. 17 The larger difference in undercount for days away from work cases may be partly explained by the differences in recording by companies. We have anecdotal knowledge that in some larger companies that the individual responsible for completing the BLS annual survey and maintaining the OSHA log from which the BLS annual survey is derived is different from the person in the company responsible for tracking workers' compensation. Any discrepancy in recording cases in the BLS and worker compensation databases would be greater for cases with days away from work which were potentially included in the worker compensation database in contrast to the medical only claims which were not. However, it is likely that a large part of the difference is secondary to the fact that we overmatched for all injuries and illnesses where no information on individual people was available. Finding matches between the databases when one does not truly exist will increase the BLS estimate and accordingly decrease any estimated undercount.
Capture-recapture depends on a number of assumptions, including 1) all cases in the population have the same probability of being identified in the different data bases and 2) ascertainment in the different data bases is independent between any two data sources. 18 The likelihood that an employer became aware of a workplace injury and illness will vary by company. As described previously, who completed the BLS annual survey and their awareness of who has filed for Workers' Compensation may differ by company. One would also suspect that Workers' Compensation and the BLS annual survey are not independent, ie, being in one likely increase the chance of being in the other database. If this were true then the capture-recapture estimate would favor the BLS annual survey appearing more complete than it really is and would not account for the BLS undercount reported in this analysis. Furthermore, if one ignored the estimated cases missed according to the capture-recapture analysis, the BLS estimate still missed 61% of cases as compared to 68% when capture-recapture results were included ( Table 7) .
The number of cases missed varied by industry category 0% to 86% (Table 8 ). Our results show that there was more variation in incomplete reporting between types of injuries (6 -71%; Table 9 ) and types of illnesses (43-77%; Table  10 ) than between all injuries combined and all illnesses combined (67% versus 69%) across all industries (Table 7) . Accordingly, one cannot use a single factor to account for the underestimate. For certain industries like agriculture there did not seem to be much of an 
